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SUMMARY

The original project plans, based on a thorougn literature search,
were to prepafe the borides, nitrides, and ohosphides of columbium, haf-
nium, indium; molybdenum, palladium, rhenium, rhodium, scandium, tantalum,
thorium, vanadium, yttrium, and zirconium. A procedure was proposed for
the prepzration of these Cthounds, and amended procedurés were to be
added as the project progressed.

The compounds for which preparations were actuall% attempted are the
nitrides of molybdenum, vanadium, zirconium, tantalum, and palladium; the
borides of molybdenﬁm, tantalum boride,- thorium, vanadium, and zirconium.

- The Qollowinq paragraphs list the reactions tizt werc investizated
in tie preparation of each compound. In e¢ach instrnce, only those reactions
were tried for which there was a 20o0d proba:ility of success, on the basis
of theoretical ccnsiderations. The conditions under which the reactions
were investigated were the optimum conditions that were rossible with the
available equipment.

The preparétion of molybdenum nitride was attermtcd by reacting (1)
molybdic anhydride with ammonia gas, (2) molybdic anhvdride with ammonia
gas and carbon, (3) molybdenum chloride and emmonia =as, and (k) molybdenum
mectal with ammonia zas. The last of these methods rave a favorable result.
Molybdenum was heated in the tube furnace in a stream of ammonia at 900°C,
The final analysis.géve 88,5% molybdenum and 9.77% nitrogen. This composi-
tion closely corresponds to MOSNh’ X-ray diffracticn patterns verified that
this compound had bkeen preparecd.
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INTRODUCTION

The provable stapility of the phosphides, borides, and nitrides of
some of the less common metals such 2s zirconiwam, hafnium, etc., worranted
an examination of their compounds. Onrnly a few of thc compounds have ©..n
prepareds In many instances it is que tionable that the preparcd materials
arc true compounds rathcr than a mixtur: of compounds. Physical and chemi-
cal data alike are not available, but analogies based upen the periodic
similarity of related materials have been us2i to provide som= vlausible
infornation on thesc materials. Heat rasistance, chemical stability, physi-
cal toughncess and hardness should typify the nature of ticsc materials.
The evaluation of physicel properties wes not the concern of this phase
of the work, how:vere The proparation of the matcrials by any methods and
by several methods provided the schems of the project., Purification of
the materials produced as diom-d nccessary for quantitative cxzmination

of the matoerinls, ond disirable from a proci.ssing standpoint. The question

of 2 commoercial mothod for iy procees vwas boyond the scope of the work,
howcver,

The bulk of thc work carriid out involvid the form-ticn of nitridcs,
although not 01l ritriics woere c¢xamn.de Introductory work on borides
w2s starteds Phospridus were not sttock.d n2irly Locausz of their in-
sidious chcmizsl naturce Tt wes belicvved mowoe :ppropricte to develop
mcthods for nitrides »nd boriidcs first so t-~t saf. proccdur.s could be

outlined for phoschides.



SPECIAL EQUIPMENT USED-
Controlled étmospheresIand—high_temper&turés were required for most

- of the reactions. Several types of high fempéfatﬁre laboratory furnaces
were cohstructed» The two'fdrnaces that héve met the requiremenég are a
wire-wound tube furnace and a graphite-resistnneVfﬁrnace. The former

was constructed by winding Chromel "i"-wire on a 3~inch isd. alundum
-tube ten.inches léhg,_ The tupe wes -insulated with<ﬁ§§}?ce1?_éndfthe
whole was piaced in a piece of.standard.lO—inch ripe and rixed inte posi-
tion bywcastingrcoIIég‘ﬁiath of electroplast in the endss Steel platss

with cénter gas inlet and exit fixtufeskwere boltea, by means of

flanges, to each ende To introdﬁce_a §9mple,1onc“0£;theséﬁplatesVwaé

rcmoveds Thermocouple leadsrwere idtroduced and cemented into 0osicion
-=in the permanent énd4pldic, The temporaturerwas contrclled by means of
l.a controlling pyrometer vith a range of 160d§F. The maxhnmﬂ'temperétﬁre
obtained in this tube furnace was 1810°F. It was opcraféd at 110 volts

A.Ce

The graphite-rcsistance furngce—wasrcdns%ruc%éd“wiﬁhsa72—inch iede

graphite helix heating- ¢lemunte This furnacGJWAS used with a 30 kw trans~
~former with voltage taps of 20, L0, 60, and 80 -voltse Air-convection
~cooling of the eontzcts was used, and the furnacc was used- successfully

at” temperatures above 20000C.
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PRCCEDURE
PREPARATION OF CONPOUNDS
In the following experiments the reactants usually ranged between
0.2 and 5 grams, excegt wherc it is stated otherwise. The reactante were
preportioned s¢ th»t there would dbe the least centamination of the product
or so the contaminating re::-tants could be removed most easily.
The following reactions were investipatade

¥olybdenum Nitride

Reduction of molybdic arhydride hy ammonia gas

Molybdic anhydride {(Mof3) was heated with ammonia gas at 800°C in
the tube furnacc for 1 houre The nroduct was a black substance whic!
analyzed 79.6% molybdenum. Sincec MoOp has Ti% Mo (1) and the X-ray
pattern showed the presencc of this substance, no nitride was presumed
formed. Molybdenum oxidec was hezted in a zircania crucible at 2000°C in
a stream of ammonia gas in the graphite-resistance furracece The product
wvac red and contained 2¢ nitrogens (2) The X-ray povder patterns indi-
cat~d molybdenum oxides Additionral work on the reaction betwecn molybdic
anhydride and ammonia was performed in the presence of carbons Howsver,
ineffective separation of the rcestion products showed thavt it was inad-
visable to continuc. (3)

Reduction ci’ molybdenum chloride by ammonia gas

Molybdenum was heated in a stream of chlorine and th- resulting
molybdenum chloridc (assumed to be }foClp) w2s beated in -~ stream of
ammcnia until no white fumes wers evident, #nd then {for an additional

half-houre The product anualyzed 8647% molybderum and 1C.3¢ nitrogen,
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corresponding to s compourd of the composition MogN). The X-ray pcwder
pattern did not correspond to Mo, 005, MoOp, or Mog03. (L) Attempts

to rrepare larger quartities of M0012 in a pure form wer2 unsuccessful;
therefore, the higher chlorides were heated in a stream of ammonia. The
reaction products analyzed f9 to 91% mclytdenum and € to 10% nitroren,
(2) Close¢ study of the X-rav powder patterns led to the conclusion

that Moghy was the orly molvbdenum nitrige formcd, and on this assumption
purification procedures were investieateds After 130 hours of water
washing and digestion the sampl= analyzed 85% molvbdenum and B8.5% nitroren,
which further verified the formula to be MogNj. Thie procedur<, howcver,
did not scum practical for larec scale opreduction and, thercfore, other
investications were continued, (5)

Reaction oetween molvbdenum metal and ammonia ras

Molybdenum was heated in the tubce furnace in a stream of ammcnia
pas at 900°C for 12 hours. (3) Thc black product analyzcd 91% molybdenum,
and the X-rav pattern checked that of the sample preparcd bv the reaction
of ammonia with molybdenum chloride, The sample wes rround ana reacted
with ammonia at 900°C for 6 morc hours a2nd ticn a comrlete analysis
was madc with the fcllowin~ rusulis: Mo 88458, N 9.77». This com-
position closely corresponds to Mogl). Additional similar rcactions cave
similar results. Samples of molybcéenum weieghing 25, 35, (3) SC, and 75g (6)

were hcated, consccutivelsr, in o strcam of emmonia -ns from 30 to 50

hours at 800°C in the tuce furnace. Molybdcnum 2nalysis of the 35g
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sample after 30 hours was 89.75%s Thc nitrogen analysis of this sample
by the Kjeldahl method was T+6% (3) X-ray diffraction patterns of the
75-gram sample wrere made at regular intervalse After eleven hours the
characteristic lines of molybdenum had disappeared. After thirty hours
most of the lires believed to te characteristic of MogN) appezred on the
X-ray pattern. (6)

Vanadium Nitride

Reduction of ammonium venadate by ammonia gas

In three separate runs, ammonium vanadate (NHhVOB) was heated in
a stream of ammonia gas for six heurs, at 760°, (6), 1L00°, and 1600°C (7),
respectivelye The products in ench case wwere black crystalline powders.
The run at 1400°C gave tha pest results, 2 product tht anolyzed 3.65%
nitrogen and 66,867 Va., but separation of the smail percentege nitride
wias considered impractical and thaese reactions werc discontinued.

Reduction of venadium pentoxide by ammonia gas (L)

In a number of different runs, ammonia gas was passed over vanadium
pentoxide heated to various temperaturcse At first a steel pipe and a
deker burner were used, but l2ter runs were made in the tube furnacc and
in the graphite resistance furnaces Runs wece made 2t 8000, 10000, 14CO0°,
and 1600°C, and the heating period was usually one hours The products
of all the runs wers gray-tlack or bhlack. The vreducts anzlyzcl low in
nitrcgen with the exception of one run (3) which showed 7.78% nitrogen

and 62,1% vanadium, X-ray 2na2lyses indic~t.d the preseace of vanadium



oxides, but no large 2mounts >f uitride,.

Dircct combination of vandiur mctol with nitrogen gas

Vanadium povwder was heated in a stream of nitrogen gas for eight
hours 2t 1600°F. (1) The product was black witk particles of unrcacted
metal dispersad throughoute The van~dium analysis was 71.0% and the
nitrogen of two scparatc runs was found to bc 1487% ~nd 3.55%.

Reactiorn involving ammonium chloridc

Sceveral mixtures of ammonium chloridic and vanadium pentoxide were
pleced in covered beckers and h:etced over @ Bunsen burncre. The preducts
consisted of blue and black cr stalse Beco2usc of the l2rge number cf
by-product imp rities, this methnd of preparetion wos discontinuede (7)

Reaction between vanadium metal and ammonia gns

Vanadium powder hented in @ stream of ammonin za2s for four hours
at 1600°F yiclded a product of black fused matsrinl, (7) which was easily
rubbed to a powder. This croduct ws then hented for an ad-itional four
hours 2t 1600°F in 2 strcam of ammoni~ g-s. The finol product was in-
sqlublc in hot hydrochloric 2cid 2nd cont:incd 66.5% vanadium 2and 10.8%
nitrogen. This indicates an znalysis of 50% VN.

Reacstion of vanadyl chloriuc by =2mmonis grs (8)

In severol separzte runs vanadyl chloride (v20201h) was heated In a
strcam of ammonia ges with a Meker burnere The reaction time uscd wors
ten minutese The éroduct wns 2 mixturc of black ~nd bluc particles.
After the product was purificd by boiling in 1:1 hydrochloric acid,
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analysis indicated 8414% nitrogine

Two reactions were conducted in the tube furnaces Vanzdyl chloride
decompose:s on heating, and reacts with ammeniz at ordinery temperaturese.
Thercfore, it wns necessary to prehent the furnace to the desired tempera-
turc, and to introduce thc chloride and ammoni~2 simultszncously. Main-
taining 2n 2tmosphere of ~mmonia, the furnacc was held at the desired
temperature for ~n hour and alloved to cools The temperaturcs cmployed
vicre 800%F, and 1000°F. The nroducts of the rerctions, which consisted
of bluc and bl2ck particlcs, werc boited in (1:1) hydrochloric 2cid in
order to remove oxide impuritics.

Tt was found that thc product of the reaction conducted at 800°F.
was cntirely solublc in hydrochloric ncid indicnting th2t no nitride
had beun formeds Thc biack residue obtained from the acid trcatment of
the product of the renrction coniuctaed at 100GPF. cont~incd 0.7 percent
nitrogene Apparently, the optimum conditions of opcr~tion have not ho.n
obtaincde The investigation of this reaction is being continued,

Rcactions involving c-lcium nitride

A scrics of roncticns was run to detemins tht optimum temperature
and ratio of reactants for thoe double-~diconposition of calcium nitride
and vanadium pentoxide. Neutral atmesphoercs werce employced for the re=
actionse The¢ products were treated with 1:l, hydrocrloric acid solu=-
tions to remove exccss caleiym oxidc, leaving =2 block producte It was (7)
found that 1LOOSF 2nd a ratio of 5:1 parts by weight of caleium nitride

Y-



to vanadium pentoxide gave ontimim results. (8) (9) A 25-gram sampie af
vanadiur nitride was prepared by the procedure which had proved most
successful in the preliminary investigationse (10) A stream of nitrogen
was passed through the furnace and the temperature was maintaired at
1LOOCF for 1 houre The product was treated with water, theiw with (1:l)
hydrochloric acid, and finally was left in contact wiph cold concentrated
sulfuric acid for several dayse The final water weshed sample analyzed
75.5% vanadium and 19.0% nitrogen. This nitrogen content indicates 88% VN.

Zirconium Nitride

Double decompositicn reaction of calcium nitride ard

zirconium dioxide

In the preparation of zirconium nitride by the double decomposition
of calcium nitride and zirconium dioxide, scveral recaction temperatures
werc used, namely 800°, 1000°, snd 1600°F, vith varying wei:!. ranios of
reactantse The matcrinls werc heated in neutral atmospherese X-ray
analysis irdicsted Lie presence of calcium oxide, zirconium dioxide,
and zirconium metale Chemical analysis showed no nitrogen present in
the product. (7)

Deuble decomposition roaction of caleiuwn nitride and

zirconium tetrachloride

In the double decomposition rcacstion of cialcium nitride and zir-
conium tcetrachloride, a mixtur. of zirconium taotrachloride and c2lcium
nitride was heated slowly with a Bunscn flame. A violent cxothermic re-

action resuitcds The product w-s ~» mixture of blnck =nd vwhite particlces,

2
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The white particles were leached out of the product, leaving a black
powder which analyzed 3.1% nitrogen and 65% zirconiume (7)

Reduction of zirconium tetrachloride by ammonis gas

A small quantity of zirconium tetirachloride was heated in a deep
crucible while a stream of ammonia gas was directed 1ato the crucible,
The crucible was maintained at red heat for one-half hour.s The product
was water washed and the residue analyzed L.6L% nitrogen. The reaction
was repeated and the product wass trecated with acids, but the percentage
of nitrogen continued to be about LZ.(8)

Direct cumbination of zirconium metal with nitrogen and ammonia

gas (9)
To obtain rapid high-temperature re- ctions, a direct electrical heat-

ing method was devised. The reaction vessel was a 1000-ml three-necked
flaske. A mectal strip was clamped between electrical leads brought in
through two of the thrve necks. Gas was introduced and exhausted through
the third necke The voltage was controlled by a variable transformer.
Nitrogen was passed through the flask for about thirty minutes to purge
the vessel of z2ir. Thern amnunia gas was introduced instead of nitrogen
and the filament was heated by advancing thc voltage across the leads
from 2zero to two volts. This causcd thc strip to b heated to a red glows
The strip maintained a glow for twenty to thirty minut.s before bresking
because of embrittlemente During this time some increcese in voltage was
necessary to maintain the glow, Metal strips reacted in this manncr vicre

yellow surfaceds Cold concentratcd sulfuric acid was used o remove un-

-
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reacted zirconium metai, and the porcentag of aitrogin wis increascd
from (87 to 8.4 percunte X-ray onalysie vorificd the prosence of Zrie
A large sample of th> 2ircoaium nitride was prepared and purified.,

Tantalum Nitride

Doublc dccomposition reaciion of tantalum perntoxidc

ard caleciwm nitridc

Mixturcs of tantalum pentoxide and calcium nitridc¢ were heatod for
15 minutus in an alundum cruciblc with a Mcker durncre The nroducts of
gray and whitc povder mixturcs were purificd oy boiling with {1:1) hydro-
chloric 2cide A gray powd.r rcmaincd which analyzed 0¢73 to 1e73% nitro-
g.ne (10) JMixturcs of tantnlum pentoxide =nd chleium nitride wer. heated
in the tube furnacce at 5006° to 1600°F in = str.am of nitrog:une The fur-
nece products werc again puriried by hoilins in (1:1) hydrechloric acid.
The purificd products consist-d of white peidirz which anzlyzed from 0,06
to 04327, or ncgligible, nitrog.ne.

Rcduction of tantalum pontoxide by carbon and ammonia gss

Tantalum p.ntoxid~ was hcat.d in the tub:e furnzec 2t 1A00°F for
four hours in ~ strcam of ~mmoni- grs. Th. nroduct ws a ycllow pov-
dev which omalyzcd 5,3u% sitrogsns (11)

Doublc decomposition of tantalum pentachlorid: in 2 strcam

of ammonia gzas

Tantalum pontachloridc was heoted in 2 streom of ~mmonia gas for
four hours at 300°F. The preduct was a pale yellow solid ~hick anolyzed
9607 nitrogcne A sccond sampls heated 2t 3S0°F, in the eame manner,

-10-



yielded & product containing 10.98% nitrogene (12) The produet was
vashed vith water and cried st 100°C, Analysis new gave 2.15% nitrogene
Subsequent runs at these seme temperatures (300° - LOOOF) gave produets
having the same eharacteristicse The lowering of the nitrogen content
by washing was attribu&eq t6 the removal of solublec ammonium chloride,
which was conrirmed:to be;present by Xeray analysise, Little tantalum
nitride was considefed to be present,

Palladium Nitride

Reduetion of palladium black by ammonia gas

A number of runs were made to prepare palladium nitridee Palladium
black was heated in a stream of ammonia gas for four hours at 1600°F,
The produet. contained a ncgligible quantity of rnitrogen. (11)

Reduction of palladium black by earbon in ¢ stream of

nitsggen gas
Palladium black was mixed with carbon bloek and heated in a stream

of nitrogen at 1600°F for three hours, with neglizible nitrogen content
in the products (11)

Reduetion of palladium chloride by ammonia gas

Palladium chloride was heated in a stream of ammonia gas for four
hours at 500°F, The produet was a dark gray povder containing 5¢75%
nitrogens The washed sample analyzed 0.91% nitrogene Xeray analysis
showed the presence of ammonium chlorides No palladium nitride is
suspeeted to be presente (12)



Double decomposition reaction of palladium chloride and

calcium nitride

A number of experiments were run with palladium chloride and cal-
ciurm nitride, by heating the mixturec at LLC to 1S500OF in the electric
tube furnace in a stream of nitrogen or argon 7as, Neegligible nitro-
gen contents were obtained. (11) (13)

Molybdenum Boride

Fusion of elemental powders of molybdenum and oboron

In several runs, molybdenmum powder or molybdic oxide and boron were
ground together and heated in a graphite-helix resistance furnace at
several different temperatures, approximately 90C° to 2000°C. The X-
ray diffraction patterns for these prerarations did not disclose any
definite findings. (1L) (15)

Tantalum Boride

Reduction of tantalum pentoxide by voron

A mixture of tantalum pentoxide and boron was heated in the oraphite-~
helix resistance furnace for 12 minutes at €0 volts and 11-1L kilowatts,
The product was a dark gray, almost black, powder which X-ray analysis
showed to be predominantly tantalum carbide., (16)

Thorium Soride

Reduc tion of boric acid by carbon and suvusequent reaction

vith thorium chloride

Boric acid, activated charcoal, and thorium tetrachloride werc

ground together and teatea in a fused silica comzustion boat in the

19



vire-wourd tute furnacc in o stream of argon ~t 1850°F for 3-3/). hours.
The oroduct was a gray=brown solid that c¢rsily couid be rubsed to a pow-
der. Tnc X-ray diffraction patterr showed 2 predominance of ThOse (13)

Reduction of therium tctrachloride by clemental boron

A sccord mixturc of thorium tctrachloride and boron was ground to-
gether 2and heated in the vdrcewound tube furnace in a stream of argon at
1550°F for six hours. The product was a whiteegray mixturc which was
deliquescent in aipe (13)

Diroct fusion of c¢lementnl powders of thorium and boron

A mixture of thorium and boron was ground togcthiur =nd hcoted in
the graphite resist:ince furncecc at 60 volts ~2nd 13.5 kilowsrtts for n-
bout 8 minutese The final product was @ d-rk gray, almost blick, pow-
der which was water washed and dricds The X-ray diffraction showed a
predoninance of ThOy. (17)

Vanadium Boridc

Reduction of vanadium pcntoxide and boric ucid by carbon

and the subscquent rcaction between vanedium and boron

Vanadium nentoxidce, boric acid, and activated charcoal werc ground
together thoroughly and he2ted in the wire=mourd tube furnace in a
strcam of argon at 1505°F for 5-1/2 hourse (18) Thc product was o very
hard, greca=black, porous solid which fuscd into the crucibles The
product, insoluble in water, was ground ond an X-ray diffraction pattern

vins obtaincde The product could not be identificd.
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Reduction of vanadium pentoxide bv elemental boron

A mixture of vanadium pentoxide and horon wns heated in the
granhite~hclix resis.ance furnace for 10 minutes at 4O volts and 6
to 7.5 kilowatts. The produci was a fiuffy black vowder. The X-ray
diffraction patiern of the watcr-washed product did rot identify the
compounds present, (13)

Direct fusion of the elemental powders of vanadium

and boron

A mixture of vanadium and Loron was ¢round torether and heated in
the graphite-helix resistance furnace at 60 volts and 1h kilowatts for
17 minutes, The product was a non-uniform gray powder with hard lumps
of fused material present., The X-ray diffrac .ion pattcrn of tne products
gave no identification., (13)

Zirconium Boride

Reduction of zirconium dioxide and boric acid by carbon

and the subsequent reaction between zirconium and boron

A mixture of zirconjum dioxide, boric acid, and activated char-
coal was giround toecther and heated in a stream of aroor: in the wire-
wound tube furnace at iu30°F for 4 hours, The product was a licht-
gray, very hard solid containine some black material, apparently car-

ton. The product was not identified. (13)

=Tl



Fusion of the elemental powders of zirconium and boron

In a series of six reactions, elemental zirconium metsl powder and
elemental aaorphous boron powder were heated in a graphite crucible in
the graplite-helix resistance furnace. Th¢ temperature was increased
for each successive reaction from about 1600° te about 2000°C. The first
two runs yielded black products which could not be identified by X-ray
diffraction, but the last four yielded-dark gra; productse The products
of runs 3, L, and 5 gave X-ray patterns which were closcly similar to
each other and qQuite distinct. These sharp patterns indicated the pres-
ence of a definite compound (or clement) which was not identified. The

X-ray diffraction pattern of run 6 did not identify the producte. (13) (16)
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PURIFICATICH OF COMPOUNDS PRODUCED

If no products of reaction are removed durin:s the process of reaction
(e.ze , gases or water of hydration being driven off), the final product
of the reaction shoula have the same chemical cemposition as the original
mixture of reacentss A chemical or physical separation of the products
was considered necessary prior to chemical analyses, and desirable be-
fore X-ray diffracticn analyses. Most of the products were either com-
pletely soluble cr insoluble in water or acid soluvtions, but some of the
products allowed partial solution te give a qualitative separation.

The products of each prepar:tion of the investigation were checked
gualitatively for possible purification, or sevarstion of tne constitu-
entse Solubilities were checked in water and in both concentrated and
dilute solutions of the common e~ids, hydrochloric, sulfuric, and ni-
tric, Several portions of some of the same samples were washed or leached

with acids and X~ray diffrartion patterns were made of the residuess

ANALYTICAL ETHODS

The method of analysis of an unknown compound tr=t will give the
most satisfactory crystal composition is ¥-ray diffraction analysis.
After the X-r-y patterns have been establisted, further analyses ard
verifications can be made chemically, and possibiy by other methodse

In the present investigatiions it wss thowyht most inportont to es-

tatlish the presence of any compound thri h=d not besn recorted in the

-16-



litceraturce, by comparison of X-ray diffraction datae If all the X~
ray diffraction data arce known for thc ..agents and possible products
other than those desired, then X=-ray diffraction data can be estab-
lished for the new compounds. Suuscquent vurification o2nd furtier X-
ray snalyscs with intensity compsrisons =1 ultimatce chemical analyscs
should givc conclusive infcrmation on the natnre and composition of
the synthcsized product.

For X-ray analyses, thc product samplcs wcrce pulverized with an
agatc mortar and pestle. Thu.thoroughly ground nowdcr sample was then
placed in a sample hclder and packed to leave a very sharp, clean zdge
at the top; or apux, of the noldcre The X-ray unit was operated at
from L to 30 miliiamperes and LS kilovolts, and the samples were left
in the unit from 3 to 12 hours, with thc low amperage b.ing used for
the longer time and the high amocrage being used for the shorter time
(b hours at 22 milliampcres gave good rcsults)e Thc X-ray film was
processed according to the manufacturcr's instructions. Thc film was
read on a camparator, and thc intcerplanar spacings were tabulated in
angstrom units. The results obtained for th: prescnt investigations

arc given in the apoendix.
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DISCUSSION OF RESULTS ARD CCHCLUSIONS

The chemical analyses of the products from the reaction of molyb-
dic oxidz and ammonia showed thst the end product aiways was & lower
oxide of molybdenum with some surface formation of a nitride. 1In
none of the runs was the nitrogen in the product in excess of 2%,
In the rezction of molybdenum chloride and ammoniz a unique X-ray
pattern was obtained and chemical analyses indicated t»~ formation
of MOSNh' When carbon was used with the above reagents, the products
were the same. When molybdenum was heated in the tube furnace in a
stream of ammonia gas at 9009C for 6 to 12 hours, the product was
identical to that above. This was considered the best method investi-
gated and was employed for the preparation of bulk samples of MOSNh'

In the preparation of vanadium nitrides, the double decomposition
reaction of calcium nitride and vanadium pentoxide was found to be the
most promising for VN prepzration. The product, howvever, required ex~
tensive purification by washing with 1:1 hydrochloric acid and finally,
with cold concentrated sulfuric acide The reaction involving metallic
vanadium and ammonia at 1600°F produced an appreciable quantity of
vanadium nitride, but the hydride was formcd also. The separation of
the hydride and nitride was impracticnl. Appreciable vanadium nitride
was formed when divandyl tetrachloride was heated in a stream of

ammonia gases The rcaction was investigatad to conly a limited ext .nt,
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but the results indicuted thit this method might be used to produce
considerable yuantities of vanedium nitride,

The most promising method found for prepering 2 zirconium nitride
wi8 the use of the metal as & hetting element in cn “umonia gas-filled
chamber, The reaction between zirconium metcl und ammoniu give & pro~
duct of about 6% nitrogen, The impurities were unrcucted zirconium
and zirconium dioxide, Trectment with cold concentrcted sulfuric ceid
for threc to four days rcmoved mest of Llie unreacted zirconium, X-ray
diffroction unalyses of the residue confirmed the presence of zirconium
mononitride and zirconium dioxide and th¢ ubsence of zircorium und zir-
conium hydride, The purity of th: zirconium nitride sumple, &s cule—
culated from the nitrogen cnalysis, wes wbout 70%. If more ¢laborute
precautions nad been teken, a very pure product aight have been ob-
tainced,

The work on tantzlum nitride prep:iration and palladium nitride
preparztion was not advanced sufficiently to develop methods of prepa-
ration thut might be employed for bulk sumples,

In attempting to prnduce tantalua boride, it wes found that
tant:lum carbide (TaC) hud formed in the furnzce reaction of Ta305
and boron in a gr;phite crucible, It would be necessary to use a
crucible of somc other rcefrzctory materi:l,

When thorium and boron wors hected together in the griphite-helix
rcsistance furncce, @ considerable au.ntity of oxide wis foruacd, Thus,

ndditional precautions agzinst oxidizing -.tmosphercs shoula huve been
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used, The definite but limited patterns for the products of elementul
zirconium and torcn hewted togother in » priphii. crucible in the groph-
ite~helix resistance furnace indicite the possible prescnce of zirconium
carbide or zirconium boride. No comprrison wus found with the taree
types of zirconiun oxides listed in the literzture or siith the climents
of zireonium und boron,

No definite informction wues geined from the A-roy diffruzction
putterns of the vanadium toride products, but further investig:tion

possibly would revesl the presence of one or morec ven.diun borides,



RECOMMENDATIONS FOR FURTHER WORK

A detailced review of the past . work indicatos that sufficient cx=-
ploratipn has been comﬁieted“to séow-which of the arcas of nitride and
boride chemistry rcguire more thorough inv¢stigation.-'1t‘is anticirzated
‘also that preliminary exploration can be begun ori the phosphides, which
héve received little attentions The ﬁollowing pafagrébhs ogtlino the
Institutet!s recommendations for futﬁre works.

Nitrides

According -to Mittasch (Ber. 59, 15, 1926), foréign materials in-
crease the rate 2nd extent of nitrogen fixation iﬁ ihg formation of
nitrides of titanium, aluminum, berium, and silicon. An iron pro-
moted by potas§ium oxide and alumina is suggcsted as an initial a-
gent for niirogén fixation.

A union of nitrogen and the metal 1s frequently aséistcd by small
_amounts of the metal oxides The gos-solid renction raquires the ab-.
scnce of water vapore

The formation of high purity nitrides from thc -elements is pre-
sented as a method for-circumvénting the scparation of foreign matter
from the products thzt is reuuired when ~ nitridc is produced from ni-
trogen and metal.compqupds. It-is genorally trug thot metallic ni-
trides form at temperatures of not less thmn 30669; and not grestcr
than 2000°Ce In all cases, the use of pressure is meritorious.

For a successful attack on thc problam it is-conscquently impera-

tive thatinitrogenation cquipment-for- miga-prossurd Bo uséd, A bomb
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such as thct used in hydrogonstion 4t prossurcs s grent as 500 at-
nospheres will be sutisfuctory.
Borid-s

Prelininary work with the borides hus provided products thut re-
quire isol:.tion of thc boride from by-products in the solid fora, The
conteoplated iork should invelve formition of borides wccoapanicd by
gascous or sublimeble by-products., High tcaperiturcs are nost cer—
teinly necessary, 4 specially built arc furnsce will undoubtcedly e
required,

Mctal-boron reections provide wn elementary nethod of ottuck,
Water vipor ond oxygen c..nnot bs tolercted so th:t wn incrt wt.osphore
is requircd, argon probably will be nmost satisfactory.

poric scic muy be react.d with the metel chloride in a fusion
whore hydrogcn chloride gas is removed., Grinding of the product with
carbon will provide & ncwns of reducing the borzte to ¢ boride, The
us¢ of boric uacid ey be chunged if the by-product water is hurmful,
In this latter cusec, boron oxide will be substituted for the acid,

4L boron oxide-netzl oxdde zlass iy be nude wnd thea reduced with

carbon to the netel boride,

Suwanory
In succery, the work that is proposad includes:
7 Prop
e Fornztion of ritrides from the aetcls cnd gascous ni-

trogen with the sir of surf:cc citalysts such s iron prototcd by
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K50 and 41503,

2., Formztion of nitrides with the zid of the uetal oxide
us a carrier,

3e Fornztion of wetallic oorides frou the clenents,

4e Forc:ition of borides from btoric ccid or oxide and
the metul chloride with subsequent reduction by carbon,

5« Formation of boridce using & forued glass made from
the netal oxide und boron oxide followed by reduction with ccrbon,

6. Preliuinury exploration of phosphide synthesis,
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APPENDIX




TaBLE I — PHYSICAL CONSTLNTS OF THE SLEMENTS USED

Elenent Symbol M,P.y°C  B,P.,°C  Mol,Wt.Sp.Gr, Solubility
Boron B 2300 2550 10,82 2.3 8.HNO3
Molytdenun Mo 2620 3700 95.95 1042 8.c .h2804
i,HCl
Thoriun Th 1845 3000 232.12 11,2 s.HCl1l, H 280 4
Tantalun Ta | 2850 4100 180,88 16,6 s .HF, Fused
alky, i,acids
Vanadiun v 1710 ‘3009 50,95 5.96 8,HNO3, H5S50,
Z2irconiun Zr 1860 2900 91,22 6.4 s.HF, aq.Rag.
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TABLIE II -~ SYMBOLS USED

S.~soluble in, Ni-~refers to heavy
c.~cold solution, lines obtained
i.,-insoluble in. by tue incorrect
Aq, Reg.-4qua Regia, usage of the nickel
Alk,-alkaline solution filter.

d-as used in tbhe heading of the X-ray diffraction
tables refers to distance in angstrca units cof
interplanar molecular spscings,

I-refers to the numeriocal intensity. The strongest
10 lines are usually numbered in their order of
decreasing intensities,

The method of preparation of each coapound is aesignated bty a
numbered sv®fix which specifies the particular run, As an examples
aoxNy~2 in patle III refers to the cecond run for the preparation of
molybdenum nitride,

For tne X-ray diffracti»>n data obtained from card file of X-ray
diffraction data, the following symbols are used as given by the In-
stitute of Physics (Gr, Br.) in listing interplanar spucings end rcla-

tive intensities:

b, bb - broad, fuizy, or diffuse

da ~ doublet

n - not given by &ll sources

nc¢ - lings not gccounted for by the proposed unit cell

b - intensity uncertcin owing to presence of beta lines,

or to overlapping
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TABLE II ~ (Continued)

a yualitative interprctation of numerical intengities is given be-

lom

Numerical Reclative Interpretation
Intensity, I/I,

1.0 Very, very strong
(VVS) (strongest
line in the dif-
fraction pattern)

0.5 Very strong (VS)

0.8 Strong (S)

0.7

0.6 Mediua (M)

0.5

04 Weak (W)

0.3

0.2 Vory weak, faint (VW)
0.1/2 Berely visible (VVW)
0.1/4 Burcly visible under

favoreble conditions
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NG

TABLE IXI - MOLYBDENUM NITRTDE FREPARATION AND

COMPARISON X -~ RAY DIFFRACTION FATTERNS

WWWWWWRRRDRDNRDAANDNDND NN [l ol ey
58383\6)\\11&“\»’0?-‘0\0 G‘)-QO\U‘.C'\A)MHO\OCD-QO\U\;WM!—‘O\O(D-Q ONNLE" W IO d

ol

Mo, M ~1 MOy N, =2 Mo N =3 Moy Ny ~b Mo N =7
d 1y d 1/1y d  I/1) 1 I/ d I/1
3.322 0.8 3.44 0.4
2.80 0.3
2.!.18 009
20111 009 2.38 Oo,.l 2.,41,‘ 0.3 2.1.11 Ooh
24355 0.7
2,22 1.0 2.21 0.9 2.23 0.5
2:17 1,0 2.175 1.0
2,08 0.6 2.055 05 2,05 1.0
1.86 0.8 1.81 Odd 1.85 042 1.89 0.5
1.79 1.0 1.81 0.5
1,71 0s3
1.667 0.k
1657 Oel 1.577 0.5 1.55 Q.1 7 043 1,545 C.93
Lol 062
143 0.2 1.455 0.5
1.285 0.5 1.28 1.0
1.28 0.5
1,26 Qel 1.27 0.5 1e26 140
1622 0al
1.2C 0,1
1.135 0.3 1.18 0.3 1,67 1.0
11,11 003 l.12 005 100?5 O.S
2.995 1.0 0.98 246 0.995 0.5



TABLE I.I - MOLYBDENUM NITHIDE PREPARATION AND

COMPARISON X - RAY DIFFRACTION PATTERNS (Continued)

Noo Mo N =30 MoxNy-lh Moyiy~16 Mo N =17 Ho N ~A
d I/I1 d ° 1711 d I/1; d I/I1 g /L
1 3.35 1.0 153 Ok 3632  0e3
2
3
L
S
6 2.7L 0e3 2472 0.5
7 2.8k 0.1 2.66 0.5 2.62 0.l
8
9 2.40 0.6 2.4k 0.5 2.40 1.0 2.43 1.0
10 2.36 0.6 2.36 (.6 2.33 C.5 2.35 1.0
11
12-
13 2,17 1.0 2.19 1.0 2,15 0.3 2,17 Odb
1).51 2OOL1 OOS 2007 100 2.06 l.O 2.03 003 200)45 O.S
1
16 1,81 0.3 1.83 Oe5 1.82 1.0 1,82 0.5
17
18
19 1.70 047
20 1,67 0.7 1563 Ould
21
23 1053 OO,J 1.5).1 Ooh
2L 1.505 0.l
25 10’17 Ooh
26 1455 0.l 1455 0,3 l.45 0.3
27 1.408 0.5
28
29 1:39 0.4
3C 36 0Ody
31
3z 1.27 0.5
33 14258 0.3
34
35 1.2 043
36 1.225 0.3
37 16205 Cs5 1,21 0.5 1.207 0.3
38 1.195 0.5 1,12 0,5
39 1.13 0.3
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TABLE TII - MOLYBDENUM NITRIDE PREPARATION AND

COMFARISON X - RAY DIFFRACTION PATTERNS (Continued)

Noe  MOyN,~20 MoyN,~21 Mo N, ~22 Mo, Ny~24 MoyNy=25
d 1/T] T UL d 71 CEER %N . G 75 T)
1 3,36 1.0 3.5
2
3
L
S
6 2480 0.2 2480 G.h
7 2,58 042
8 2,48 0.5 2.48 1.0 2446 0.2
9 2.39 0.9 2443 2,41 1.0 2.425 1.0 2.39 0.2
10 2436
11
12 2.22 1.0 2.22 042
13
1@ 2512 2.08 1.0 2,095 0.8 2,09 0.2
1
i? 1.8.6 1.86 0.8 1.87 1.0 1.859 0.2
18
19 1.689 0.8 1.695
20 1.67
21
22
23
2L 2,51 0.3
25 147 0.2 1.L6 0.8 1.8 1.0
26 1.43 0.1 l.bh 0.8 1.L35 0.5
27 1.L0 0.9 lekl 0.3 1.L05 0.3
29 1.39 03 1.38
30 Led?  0s3 1.36
g1 1,28 14285 0.8 1¢28 0.8
32 1627 1.27 Q.1 1.27 0.8 1,26 1.0
g} 1.26 0.1 12h 0.6 1.2 0.5
u
35 1,215 0.3 1420 1.2 0.1 1.23 0.8 1.22 0.8
36 1,19 0.3 1.18 2229 02 1.22 0.5 1.21 0.8
37 1.13 1135 0.2 1.135 0.5
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TABLE III - MOLYEDENiA NITRIDS PREPARATICH AND

COMPARISCH X - RAY DIFF-ACTION PATTERNS (Continued)

Hee K00, *Mo03 40,03 Mo M.tal ¥o,C
d I/1) d I/1y d I/} & 1/n ¢ I/Iy

% 609 002)1

1 34115 1.0 3,80 0.6 3.42 1.0

2 30116 OO}J

> 3.25 1,0

g 3,00 0.0k

6 2,811 0.1

T 20693 Ool 2.06 0032 2.60 0029
8 2.52 0,08

9 2.L2L 0.8 2.h,2 0.8
10 2.30 0.08 2.36  0.2L
11
12 2,26 0,06  2.22 0. 2,22 1,0 2.28 1.00
13 2.177 0.2 2.17 0.03

14 2.13 0.06

15 1.97 0.2L
}? 1.85 0.24 1.8 .06
18 1.722 0.6 1.72 C.16 1.75 0.24
19 1.708 0.7 1.70 0.0  1.71 0.80

29 1l.645 0.3 1,67 0.12
2l 1.60 0.12

22
23 1.57 0.1k 1o57 0406 1,57 0.36
2l 1.531 0.3 1650 0.03  1.53 0.16 1,50  0.35
25 1.L67 0sl 1475 0,08  1.47 0.03

26 1k 0.20

27 1.L02 Ok 1,395 0,06 1,40 0.20

(4
9 1.390 0.2 1.35 0,02 1,350 0,35
30 1.3¢1 0.2 1,30 0.02 1,300 0,93
31 L.287 0.1 1.285 0,24 1,281 0.57 1.267 0.35
32 1,211 0,16 1.259 0,35
33 1160 0402 2edal, ©.17 1.182 ©¢.04
34 1.1k2 0.06
35 04995 0423 1.079 0.04
36 04902 0407 1,005 0.07
37 0.81 0.23 C.983 0,03
38 0‘787 0.03 00965 0.19%
39 Ce70L 0.11 0,930 90,09
Lo 0.672 0,09 0,907 0.05
Ll 0,643 0.06 0.892 0,05
gi 0,617 0,1, 5.872 0.0
2 o .
i 837 0,08
L5 €319 0,05
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TABIE IV - VANADIUM NITRIDE FREPARATION AND

COLPARISON X - RAY DIFFRACTION PATT®E:'S

TN - N - VN - ~- -
No. Tty L vxny S .xhy 6 vay 9 vxny 10

d I/1; d I/14 d I/14 d I/1, 4 I/I
1 9.6 1.0
2 L.85 Ok SeS8 042
3 Le2h 0.6
L 78 0a2 3,61 0.3
5 3,51 Q.3
6
7 3.0 1.0 3416 G« 3413 Oub
8 2.92 042 2.91 0.3
9 2.75 0.8 2075 1.0 2.6!1 Ool 2069 Ocs
10 2,60 0.6
11 2.)12 003 2oh6 Oo,l
12
L3 2,38 0.8 2,40 0.3
1k 2.1 0.2 2.18 0.2
15 2,10 0.2 2.02 0O
15 1,86 0.1 1.80 1.0 1480 0.1 1483 0.3
17 168 049 1469 0.3 1.67 1.0 Ll.£9 1,0
16
19 1le58 0.1 1.63 1.0
"0 1.43 0.9 1.45 Oui 147 0.l
el 1okl 1.0 1ol 0.8
22 1.36 1,0 1432 0,1 1,33 003
23 124 042
2L
25 1,20 0.1 1.22 OC,l
26  1l.17 1.0 1e17 042
27 B PR
28  1.08 0.5 109 9.5
29  1l.06 G.5 1,06 Q.5
30

32 0,900 1,0
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TABLE IV - VANADI'M NITRIDE PREPARATION AiMm COMPARISON

X - RAY DIFFRACTICN PATTERIS (Continued)

No o VxNy-ll VxNy-l2 V=12 N v V20g5
d 1/7, d /1y d I/1 d 1/19 d /I, d /1
1
2 Sel 0e33
3 L.38 1.0C
L 3.58 0.3 3463 0.2 L.09 0413
2 3453 05 3039 0483
T 3¢lly 042
R 2,85 0.1 2487 0o53
9 2,66 0.5 2.70 1.0 276 0413
12 2,5, 0.1 2.63 0.5 258 0,07
1L 2.45 O.i 2448 0.2 2.47 1.0 2,61 0,13
1
1y 2.0 0.1 2,40 0.6
3, 2.16 0.l 2.13 0.2 2,14 1.0 2,14 1.00 218 0,07
= 2.0h 0.2 1,95 0.l 1,99 0,07
w4 1.82 0.6 1.78 0.1 1.92 0.13
17 1,68 1.0 1e70 14C  1.65 140 1.36 0,07
190 164 0.5 1,59 0.1 1.77 0.10
¢0 L6 046 Leli7 0e3 1oLk 0.2 16513 0.7  1.51 0,07 1465 0,07
1 lek? 0.8 143 045 140 0.3 1.56 0,07
22 la32 0,1 1431 042 1.291 0.5 1351 0:07
23 1423 0,2 1.235 0.5 14236 0420 149 0407
2L
25 1l.21 0,1 1.452 0,07
26 1.16 01 147 0O 1,305 0,07
27 .12 0,1
ed 105 043 1.05 0.l 1,072 0.03
25 1,05 0.2 0.982 C.7
30
31 0,957 LoC  Ce95R 0,03
32 0,874 1.0 0,875 90.01
33 0e82L 140  C.81D 0,03
3L De759 0401
35 Ce71l; 0,01
36
37
38
39

5 .
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o
*

N0 O~ ONWLETW N

V2O3

d 1I/T;

3.65

2,70

2.L7

2.32
2.18
2.03

1.83

1.69
1.61
1.57

1.470

1.429
1,330
1,235
1,218
1.193

1.190
14125
1.093
1,057

0.60

vC

d I/1y

2.L0 1

2,07 1

1.L69

1,251

1,199

1.039
0.952

0.929
0,08L9
0. 800

«00

.00

0450

0425

0.10

TABLE iV - Continued
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TABLE V - ZIRCCNIUL! NITRIDF PREPARATION AND COMPARISON

X -~ RAY DIFFRACTION PATTERNS

erNy ZrN 2r Zre ZrH 7rC

d I/1, d I/ d /1, d I/1, d 1/1y d I/1y

3420 0.2 2481 160 2,78 0431 2,75 1.0 2.75 1.0

2.95 1.0 2,637 1.0 2.56 0,20

2.62 008 2.281 1.0 2.37 Ool‘ 202‘-’4 low 2.38 OOh 2038 ln

2.54 0.5 1,84 1,0 1,88 0.18

2¢29 1,0 1.613 0.8 1.60 0.3 1.61 0,18 1,69 046 14683 1.0

2,11 0,2 1,52 0.8 14460 0,18 Lot 065  14U435 047

1e81 08  1.375 047 136 Ok 16360 0,15 1.38 0.2 14374 0.5

1.61 0.8 14317 O.lL 1,343 0,10

1.50 0.8 1.29 0.4 1,282 0,05

1.L9 0.2 1.220 0,03B

1.37 008 101’41 002 10180 0.0’B 1019 005 10190 .02

1e21 0.2 1,047 Ok  1.05 0.4 1.082 0,05 1.09 0,3 1,092 0,7

1.27 0.2 1,021 0.5 1,038 0,08 1,07 0.3 1,084 1.0

% L o 1,003 0.03

1ol 042 04932 0.5 04977 0,03 0¢97 03 04972 1,0

1.05 0.2 0.898 0,03 0e91 042 04916 1,0

1002 0.2 0081 007 00877 0003 008!.'2 007
0.77 0.8 0,804 1.2

*# Considered to be of lower reliability,

-38-



TABLE V - ZIRCONIUK "ITRIDE PREPARATION AND CCOHMPARISON

X = RAY DIFFRACTION PATTERHS (Continued)

Nos 2707 Zn0p 220,
d /1y d I/1, 4 I/}
1 2,93 1.0 3469 0.5 3471 0Ca2
2 2052li O.h 3018 100 303b 100
3 2485 140 2,95 0e7b
L 14808 0.6 2663 0.7 2469 0.6
S 1,788 1.0 2455 0.5 2424 0.6
6
7 1e551 0e5 243 042 2,03 0.6
8 1.53 1,0 2.23 0.5 14845 1.0b
9 1.471 046 2420 Co5 1,712 047
10 14291 O4li 2.01 0.5 1,671 045
11 10269 006 lo999 Uob 1060,.1 002
12
13 14173 0.l 14852 1.0 1,561 0.5
uj 10165 O.? 1081,.1 10C'b loSOb Oo?b
15 1.695 0.7  1el43L 0.5
16 1.658 0e7 14371 042
17 1.621 0e6 14324 0.5
18
19 1.5L9 0e7 14277 045
20 14512 0.E5% 14223 0.5
21 1,466 0.6 1,165 0.5b
22 11453 062 14113 0e5Db
23 1,427 0.6 1,056 0.2
24
2% 1.365 Cs5 1,037 0e5
26 1,330 0.6 1,017 0.5
27 1,309 0¢5 1.00L Cu5
28 1.273 046 0,986 042
29 1.239 042  0.96L 0.5b
30
31 1,220 252 0,9k .8
32 1,169 0,510 0,910 042
33 1s11L 245 0,892 0.7
3L 1,096 0.5 C4B853 0,7
35 1,032 049
36
37 1.016 0,6
38 1.001 0.6
39 04971 0.5
Lo 0553 045
ul 04915 0.5
L2 04894 1.0
L3 04677 047



TABIE VI -~ TANTALWM NJTRIDE PREPARATION AND COMPARISON

X-RAY DIFFRACTION PATTERNS (TaClS & NH3 Reaction)

Interplanar Spacings Relative Intensity
Ae Us
2473 1,00
2022 0e5
1.91 047
1.56 O¢9
1.04 05



TABLE VII - PALLADIUM !'ITRIDE PREPARATION AND COMPARISON

X -~ RAY DIFFRACTION PATTERN

No. PAN y-1 I‘dxliy-B mxny-s P8 AdC1, calls
d d I d I d I/1; d I/1I; d I/1;

1 5.36 9 L.95 9 S5¢3 1.00 LJLi62
2 24645 8 2,78 6 Beldl 3429 0424 3.L28
3 2,37 2.62 7 3.11 0,28 3,028
L 225 L 2422 2.L9 2.23 1,00 2439 .80 2.838
S 195 3 2.0C 7 2438 1.9 0450 2¢25 0.03 2.324
¢ 1l.775 10 2.2 2 2,02 0,06 2.227
7 1.64 1.62 1.755 8 1493 0,03 2,071
8 1,605 1405 5 1.485 10 1.67 04,10 1,900
9 1437 2 1379 1l.48 14371 0427 1482 0413 1,854
10 1.33 1.26 1 1.37 3 1,170 G427 1.77 Oes24 1.781
11 1lé17 L 1le17 8 1,31 1,120 0.05 1.6 04L0 1.677
12 1l.12 5 141532 Tel7 3 1461 0413 1.554
13 1.09 1.12 1.1L45 1,57 0.2C 1.520
1, 0.89 6 1,006 10 112 6 1.5 0403

15 0.87 7 095 1.06 04970 0,01 1.50 ©.03

16 CeSL 2 1,01% 04891 0,05 1.430 0.05

17 099 04869 0405 14370 0,02

18 0.92% 06793 0,02 14330 0,06

19 086 b 0,748 0,02  1.308 0.06

20 0.87. 5 14250 0,03

21 14208 0,08

22 1.124 0,11

23 1,068 0402

24 1,023 0,05

25 0.960 0,03

26 0,934 0405

27

28

~hile

e 6 % ® @ 6 6 o o ® o @
DA 2PN O NV O

OO0 D000 O0O0OO0OHOO
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TABLE VII - PALLADIWA! NITRIDE PREPARATION AND COMPARISON X - RAY

Ca012

No. Ca(0H)50
H20
d /1
Le92 3.5
3'32 002
3.15 0.9
275 042
2.45 0.2
2.34 1.0
1.92 0.7
1.79 0.3
1.68 0.1
106,4 002
1,52 0,3
1.485 0.
1,30 0.3
14267 042
1,173 Ouby

Cal

d I/Il

24770
24399
1,697
leblli?
14385
1.200
1101
1.073
04980
06923
N.848
0,811
0799
Ce759
0.723
0.693
0.672
04666
0,641
C.625
04582
04565
Q553
045L9
0,535
0.525
04522

DIFF

L ]
W =3 mmmg\mm\o (@8

=3

e e &8 & 5 ¢ o o
=3 =3

L
[t S =uk =ul O\

=

cNeReXoXoNoNoNoNoNoRoNoNoNeo ook oo
L J

.
N W
jo Jite ]

0031'1
Ge?n
Ce2n
Qe2n
0+2n
Oeln
O«ln
O.1ln
O¢ln

CTION FATTERN (Continued)
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TABLE IX - TANTALUM BORIDE PREPARATION AND COMPARISON
X-~-RAY DIFFRACTION PATTERNS

TaxBy-lb Pure B Pure Ta TaC
d I d i d I/I1 d I/I1
5455
Se35
L.755
LeliLS
ka3l
3.9 L.05
3465
3435 3.36 1
3.215 34225 8
3.15
2,68 ¢ 2.735
2:557 2 2,56 1,0
2,45 2,195 L 2¢34 140
2s32 9
2,225 4 2,21 10 2422 0.8
2,00 5 2,05 2
1785 3
1,655 1.68 7 1,850 0,8
1,61
1,58 3 1,570 049
1.545 1,55 6
1.46
1.395 13 5
1,38 1,38
le3 1 Ls3%5 1e347 140 1341 0.9
1,285 1630 14282 0.5
1.2k 1.25
1,195 1.17 16167 0,8
1,12 10
1,10 1,095 1,111 0.5
1,02 9 1,043 1.0 1,020 0.8
J.01
1,00 7 1,00 0.99 0.8
0.97 06953
0.91 00907 1.08

gy



TABLE IX - TANTALUM BORIDE FREPARATION ..ND CCAPARISON
X=-RAY DIFFRACTION PATTERNS
(Continued)

0l.881 1,0

2
06825 0.8 04786 0685

=L7-



ThyBy~1b

d

3alil
3619
3C5

24717
2.61
2631
2.21
2,005

1.56
1.675
1.60
1.48
1.LL5S

1.40

1.28
1.25

l.1h4
1.12
1,08

Ce99
0.9L5
0493
0089"

0.88
0.855

I

5

1
4

€

7
7

0.85 10

0.545
0.8l

0.81
0.81-

8

TABLE X - THORIW BORIDE FREPARATION AND CCMPARISONM
X-RAY DIFFRaCTION PATTERNS

ThyB,,=3b

d I

3461
3.25 1

2482 12

2.21
1.99 7

1.86
1.695 6
1,62

leli2
1,10

1.285 L
1.25 8
1.195

loly 2

00 2
1.05
1.02

Ce92 5
00 95‘10
04935~
Ce93

0, 89~

0.88
0.855 9
0,85
0.8l 11
00814-

0,61
0081-

NaCl

d /1y

342U92

240140

1.9898

1.6969
1.62L6

1.1,070
1.2911
162584
1.1488
1.0830

049948

0.6582
Co8L8L

000123
0.780L
047520

# Sce Table IX for caapicte beron pattern

<448

Oely

0.6
Cel/2
0e2

Gelf2

0.1/2
0.1/2
Oel

ThQ

1.987

1.668
1,613

1.398

1.281
1.2L9

1,140

1,076

2

Boron#
d X

L.05
3.65
3.3 1
3,225 8

2.735

2,495 U4
2.32 9
2421 18
2.05 2

1,745 3
1.68 7
1,55 6
1.46

1.43 5

1.38
1435
1,30

1,25
1417

1,095

1.00



TABLE XI - VANADI' BORIDE PREP..L.TIO.

VxBy-l

d 1

1,92 6
1.8hL
1.745
10"0

1,665 3

1.645
149 5

B
-~

1.39 8

1.3%

134

1,33 7
1.32

qrt‘

V)

16
l.no-‘
1,06 9
leh
056

04945

VxEy-2b

d

2.87

2450

2438

onN
oo N

2402

1.67

1,60

1.53
l.47

1432
1,29

1,26
1,22
1,20

04955

093
0.92

¢.895 10 Q.86

287

0482

I

10

|

L

~3 W

DIFFRACTION 2/ TTLRNS

VxBy-3b

d

1.67

1,605
1.53
10218
101{6

I

N WIAN\O

VB =it
Xy

e I

3.12
2.88
2,80

2453
2,505

2443 1
2,32 10

2.2L
2,075 1
2,00

2.01
1,99

L1e68(N1)

1,565 2
1.L65(N1)

[l
.
[JEXVN}

nN =
n
0 O

1,2?

Le2l 3
1.00(N1)
09k 5

LM COMP.RISON X=RaY

[}
3orons#

d I
3¢0f

3.36 1
3.225 8

2,735

24495 L
2.32 9
2,21 10

2.05 2

Q) (N
\n
—~J W

ve

2,48 1.0

2.15 1.0

14521 1.C

1,297 0.7
1.2L2 0.7
1,075 0e&
04986 Ca7
04962 140

0,878 1.0
06328 1.0
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